1873]
SAFETY  AND  DANGER IN STRUCTURES
351
The modes of judging of the sufficiency of structures are mainly of two kinds:
1st, By calculating, or guessing what the capabilities of the structure are likely to be, on the. s-orgposition of the material being good, and free from important flaws; and trusting to the care of the maker, and to such inspection as may be practicable, for avoiding original defects, or subsequent dangerous deterioration. And, 2nd, By testing or proving the sufficiency originally, and at suitable times subsequently. My main object is to advise, and to assign reasons for the recommendation, that the latter method, the one by actual testing, should be used generally in cases in which it is practicable, in preference to the former alone.
It must, however, be understood that it is indeed only in a small proportion out of the whole number of cases occurring in practice, that any very definite or reliable testing can be carried out. We cannot, for instance, proceed to test a ship as to its capability of resisting in all its multitudinous parts, the varied and unknown violences to which it may probably sometime be subjected by winds and waves; and, perhaps, by sandbanks and rocks in addition. For railway carriage wheels, axles, springs, &c., in like manner, we can arrange no very accurate or precise tests; for this reason, among others, that, where shocks and tremors are concerned, we have 110 sufficient knowledge of what stresses or forces the material may be subjected to in its several parts; and that such violences as those just now mentioned often bring about their destructive effects by gradual accumulations of injury, as, for instance, by the introduction of local over-straining, or incipient cracking, which will gradually increase.
The method of testing besides, even in the cases to which it is applicable, cannot supersede the calculating, or, in many cases, merely guessing what may probably be required for sufficiency, because the structures must first be made before they can be tested; and in the original designing of them the best principles of calculation, or of scientific estimation, would still have their most legitimate scope. Even when well designed and carefully constructed, however, or presumed to be so, in many cases the structures cannot or ought not to be regarded as either perfectly or in a high degree safe until after they have been actually tested, and actually found to have some very wide margin of excess of strength beyond their utmost known or possible requirements.